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©  A  polymer  composition  which  contains  a  polycarbonate 
resin,  a  styrenic/maleimide/cyclic  anhydride  terpolymer, 
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POLYMER  COMPOSITION  CONTAINING  POLYCARBONATE,  A 
STYRENIC/MALEIMIDE/CYCLIC  ANHYDRIDE  TERPOLYMER  AND  A 

TERPOLYMER  GRAFTED  TO  A  POLYMER  MATRIX 

This  i n v e n t i o n   r e l a t e s   to  po lymer   c o m p o s i t i o n s  

and,  more  s p e c i f i c a l l y   ,  to  po lymer   c o m p o s i t i o n s   which  e x h i b i t  

e x c e l l e n t   impact   s t r e n g t h .  

U.S.  P a t .   4 , 4 9 3 , 9 2 0   t e a c h e s   t h a t   the  i m p a c t  

s t r e n g t h   of  po lymer   c o m p o s i t i o n s   of  p o l y c a r b o n a t e   r e s i n s  

and  s t y r e n e / N - p h e n y l m a l e i m i d e / m a l e i c   a n h y d r i d e   t e r p o l y m e r s  

can  be  enhanced   by  c h e m i c a l l y   g r a f t i n g   the  t e r p o l y m e r s   t o  

c o n j u g a t e d   d i e n e   homopolymer   r u b b e r s   or  c o n j u g a t e d   d i e n e /  

s t y r e n i c   c o p o l y m e r   r u b b e r s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   po lymer   c o m p o s i -  

t i o n s   which  a l s o   c o n t a i n   p o l y c a r b o n a t e   r e s i n s   and  s t y r e n i c /  

m a l e i m i d e / c y c l i c   a n h y d r i d e   t e r p o l y m e r s   but  which  .  a c h i e v e  

e x c e l l e n t   impact   s t r e n g t h   t h r o u g h   the  i n c o r p o r a t i o n   t h e r e -  

in to   of  an  e t h y i e n e - p r o p y l e n e - d i e n e   t e r p o l y m e r   c h e m i c a l l y  

g r a f t e d   with  one  of  t h r e e   po lymer   m a t r i c e s   which  has  b e e n  

d i s c o v e r e d   to  be  t h e r m o d y n a m i c a l l y   m i s c i b l e   wi th   e i t h e r  

the  p o l y c a r b o n a t e   r e s i n ,   or  the  t e r p o l y m e r   or  bo th .   A c c o r d -  

i n g l y ,   the   p o l y m e r   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   a t t a i n  

e x c e l l e n t   impact   s t r e n g t h   t h r o u g h   a  m i s c i b i l i t y   i n t e r a c t i o n  

of  the  po lymer   m a t r i c e s .   At  e q u i v a l e n t   l e v e l s   of  r u b h c r ,  

the  polymer   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   e x h i b i t   enhanced  • 

impact   s t r e n g t h   upon  mold ing   as  compared   to  the  c o m p o s i t i o n s  

of  p r i o r   a r t   which  a c h i e v e   t h e i r   impac t   s t r e n g t h   t h r o u g h  

r u b b e r - p o l y m e r   g r a f t i n g .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  p r o v i d e d  

a  polymer  c o m p o s i t i o n   c o m p r i s i n g :   (A)  from  about   1  to  a b o u t  
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99  w e i g h t   p e r c e n t   of  a  t h e r m o p l a s t i c ,   p o l y c a r b o n a t e   r e s i n  

based   on  b i s - ( h y d r o x y a r y i ) a l k a n e s ,   (B)  from  about   99  t o  

a b o u t   1  w e i g h t   p e r c e n t   of  a  random  t e r p o l y m e r   c o n t a i n i n g  

from  a b o u t   70  to  abou t   90  we igh t   p e r c e n t   r e c u r r i n g   u n i t s  

of  a  m o n o v i n y l   a r o m a t i c   monomer,   from  abou t   2  to  about   24 

w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e   monomer  a n d  

from  a b o u t   2  to  about   24  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

an  ,  /S  e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e  

monomer;  and,   (C)  from  abou t   1  to  a b o u t   20  p a r t s   per   100 

p a r t s   by  weight   of  (A)  +  (B)  of  from  abou t   20  to  about   80 

we igh t   p e r c e n t   of  an  e t h y l e n e / p r o p y l e n e / n o n c o ' n j u g a t e d  

i i e n e   t e r p o l y m e r   g r a f t e d   with  from  a b o u t   20  to  about   80 

we igh t   p e r c e n t   of  a  po lymer   which  is  t h e r m o d y n a m i c a l l y  

n i s c i b l e   with  at   l e a s t   one  of  (A)  and  {  B)  s e l e c t e d   f rom 

the  group  c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r ,  

n e t h y l   m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e   c o p o l y m e r   and  p o l y -  

ne  thy  l m e t h a c r y   l a t e .  

A l so ,   a c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  p r o v i d e d  

a  method  for   p r o d u c i n g   a  molded  c o m p o s i t i o n   which  c o m p r i s e s  

Eorming  a  po lymer   c o m p o s i t i o n   c o m p r i s i n g :   (A)  from  about   1 

:o  abou t   99  weight   p e r c e n t   of  a  t h e r m o p l a s t i c   p o l y c a r b o n a t e  

r e s i n   based   on  b i s - ( h y d r o x y a r y l ) a l k a n e s ,   (B)  from  a b o u t  

)9  to  abou t   1  weight   p e r c e n t   of  a  random  t e r p o l y m e r   c o n t a i n -  

ing  from  abou t   70  to  a b o u t   90  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s  

)f  a  monov iny l   a r o m a t i c   monomer,  from  abou t   2  to  about   24 

/ e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e   monomer  a n d  

:rom  a b o u t   2  to  about   24  we igh t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

in  ,  &  e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e  

lonomer;   and,   (C)  from  abou t   1  to-  a b o u t   20  p a r t s   per  100 

>arts   by  we igh t   of  (A)  +  (B)  of  from  a b o u t   20  to  about   80 
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w e i g h t   p e r c e n t   of  an  e t h y l e n e / p r o p y l e n e / n o n c o n j   u g a t e d  

d i e n e   t e r p o l y m e r   g r a f t e d   with  from  about   20  to  abou t   8  0 

w e i g h t   p e r c e n t   of  a  p o l y m e r   which  is  t h e r m o d y n a m i c a l l y  

m i s c i b l e   with  at   l e a s t   one  of  (A)  and  (B)  s e l e c t e d   f r o m  

the   group  c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r ,  

me thy l   m e t h a c r y l a t e / N - p h e n y l m a l e   imide  c o p o l y m e r   and  p o l y -  

m e t h y l m e t h a c r y l a t e ,   and  mold ing   the   r e s u l t i n g   p o l y m e r  

c o m p o s i t i o n .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  p r o v i d e d  

a  molded  c o m p o s i t i o n   c o m p r i s i n g   a  c o n t i n u o u s   phase   and  a  

d i s p e r s e   phase  w i t h i n   the  c o n t i n u o u s   p h a s e ,   the  c o n t i n u o u s  

phase   c o m p r i s i n g   from  abou t   1  to  abou t   99  we igh t   p e r c e n t   o f  

a  t h e r m o p l a s t i c   p o l y c a r b o n a t e   r e s i n   based  on  b i s - ( h y d r o x y a r y l   ) 

a l k a n e s   and  from  abou t   99  to  a b o u t   1  we igh t   p e r c e n t   of  a  

random  .  t e r p o l y m e r '   c o n t a i n i n g   from  a b o u t   7  0  to  abou t   90  w e i g h t  

p e r c e n t   r e c u r r i n g   unis   of  a  monov iny l   a r o m a t i c   m o n o m e r ,  

from  abou t   2  to  abou t   24  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

a  m a l e i m i d e   monomer  and  from  abou t   2  to  about   24  w e i g h t  

p e r c e n t   r e c u r r i n g   u n i t s   of  an  p£,{B>—  e t h y l e n i c a l l y   u n -  

s a t u r a t e d   c y c l i c   a n h y d r i d e ,   the  d i s p e r s e   phase   be ing   a n  

e t h y l e n e / p r o p y l e n e / n o n - c o n j   u g a t e d   d i e n e   t e r p o l y m e r   g r a f t e d  

with  from  about   20  to  abou t   8  0  we igh t   p e r c e n t   of  a  p o l y m e r  

which  is  t h e r m o d y n a m i c a l l y   m i s c i b l e   w i t h   at  l e a s t   one  o f  

s a i d   p o l y c a r b o n a t e   r e s i n   and  s a i d   random  t e r p o l y m e r   a n d  

which  is  p a r t   of  the  c o n t i n u o u s   p h a s e ,   s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r ,  

m e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e   c o p o l y m e r   and  p o l y -  

m e t h y l m e t h a c r y l a t e .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  a l s o   p r o v i d e d  

a  method  of  i m p r o v i n g   the  impact   s t r e n g t h   p r o p e r t i e s   of  a 
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puj-ymci  f u m p o s n i o n   upon  mo ld ing   which  c o m p r i s e s   i n c o r p o r a t -  

ing  i n t o   a  c o n t i n u o u s   phase   which,  c o m p r i s e s   from  about   1  t o  

a b o u t   9  9  w e i g h t   p e r c e n t   of  a  t h e r m o p l a s t i c   p o l y c a r b o n a t e  

r e s i n   based  on  b i s ( h y d r o x y a r y l ) a l k a n e s   and  from  about   99 

to  abou t   1  we igh t   p e r c e n t   of  a  random  t e r p o l y m e r   c o n t a i n i n g  
from  abou t   70  to  a b o u t   90  we igh t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

a  monov iny l   a r o m a t i c   monomer,   from  abou t   2  to  abou t   24  w e i g h t  

p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e   monomer  and  f r o m  

abou t   2  to  about   24  w e i g h t   p e r c e n t   of  an  £  e t h y l e n i c a l l y  

u i i sucu idceu   c y c l i c   a n n y a r i a e ,   a  d i s p e r s e   phase   c o m p r i s i n g  

an  e t h y l e n e / p r o p y l e n e / n o n - c o n j   u g a t e d   d i ene   t e r p o l y m e r  

g r a f t e d   with  from  a b o u t   20  to  a b o u t   80  we igh t   p e r c e n t   of  a  

polymer  which  is  t h e r m o d y n a m i c a l l y   m i s c i b l e   w i th   at  l e a s t  

Dne  of  s a i d   p o l y c a r b o n a t e   r e s i n   and  s a id   random  t e r p o l y m e r  

and  which  is  p a r t   of  the   c o n t i n u o u s   p h a s e ,   s e l e c t e d   f r o m  

:he  group  c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r ,  

a e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e   c o p o l y m e r   and  p o l y -  

ne  thy  I m e t h a c r y   l a t e ,   the   e t h y l e n e / p r o p y l e n e / n o n - c o n j   u g a t e d  
l i ene   t e r p o l y m e r   g r a f t e d   wi th   s a i d   p o l y m e r   be ing   p r e s e n t  
Ln  an  amount  w i t h i n   the  range   of  from  about   1  to  abou t   20 

>ar ts   per  100  p a r t s   by  w e i g h t   of  s a i d   p o l y c a r b o n a t e   r e s i n  

)lus  sa id   random  t e r p o l y m e r .  

bj-ng  u x t t e c e n t i a i   s c a n n i n g   c a l o r i m e t r y   (DSC)  to  measure   g l a s s  

r a n s i t i o n   t e m p e r a t u r e .   A  t h e r m o d y n a m i c a l l y   m i s c i b l e  

o lymer   c o m p o s i t i o n   w i l l   e x h i b i t   a  s i n g l e   g l a s s   t r a n s i t i o n  

e m p e r a t u r e   va lue   which  t y p i c a l l y   l i e s   i n t e r m e d i a t e   b e t w e e n  

he  g l a s s   t r a n s i t i o n   t e m p e r a t u r e s   of  the  i n d i v i d u a l   p o l y m e r i c  

omponen t s .   C o r r e s p o n d i n g l y ,   a  p a r t i a l l y   m i s c i b l e   o r  

m m i s c i b l e   c o m p o s i t i o n   w i l l   e x h i b i t   two  or  more  g l a s s  

ne  m i s c i o i x i t y   ot  p o l y m e r s   is  g e n e r a l l y   d e t e r m i n e d  
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■ t r a n s i t i o n   t e m p e r a t u r e   v a l u e s .   A c c o r d i n g l y ,   two  or  m o r e  

p o l y m e r s   are  s a i d   to  be  t h e r m o d y n a m i c a l l y   m i s c i b l e   when 

the   f r ee   ene rgy   of  mixing   is  n e g a t i v e .   And,  t h e r m o d y n a m i c  

m i s c i b i l i t y   is  s a i d   to  e x i s t   when  a  m i x t u r e   of  two  or  more  

p o l y m e r s   r e s u l t s   in  a  m a t e r i a l   e x h i b i t i n g   a  s i n g l e ,   w e l l  

d e f i n e d   g l a s s   t r a n s i t i o n   t e m p e r a t u r e .  

P o l y c a r b o n a t e s   s u i t a b l e   to  p r o d u c e   the  p o l y m e r  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   are  h o m o p o l y c a r b o n a t e s   b a s e d  

on  b i s p h e n o l s   having   the   g e n e r a l   f o r m u l a :  

R  R 

R  R 

w h e r e i n   each  R  s e p a r a t e l y   r e p r e s e n t s   h y d r o g e n ,   a  to  C4 

a l k y l   g roup ,   c h l o r i n e   or  b romine   and  w h e r e i n   X  r e p r e s e n t s  

a  d i r e c t   bond  Cj  to  Cg  a l k y l e n e .  

P o l y c a r b o n a t e s   having  the  above  g e n e r a l   f o r m u l a  

i n c l u d e :   2 , 2 - b i s - (   4 - h y d . r o x y p h e n y l )   - p r o p a n e ;   2 , 2 - b i s (   3 - c h l o r o -  

4 - h y d r o x y p h e n y l )   - p r o p a n e ;   and  2  ,  4 - b i s - (   3  , 5 - d i r a e t h y l - 4 - h y d r o x y -  

p h e n y l ) - 2 - m e t h y l   b u t a n e .   P a r t i c u l a r l y   s u i t a b l e   for   u s e  

in  the  p r a c t i c e   of  t h i s   i n v e n t i o n   is  2  ,  2 - b i s -   (  4 - h y d r o x y -  

p h e n y l )   - p r o p a n e .  

The  t e r p b l y m e r s   s u i t a b l e   fo r   use  in  t h i s   i n v e n t i o n  

are  random  t e r p o l y m e r s   hav ing   number  a v e r a g e   m o l e c u l a r   w e i g h t  

(Mn,  as  measured   by  ge l   p e r m e a t i o n   c h r o m o t o g r a p h y   vs.  mono-  

d i s p e r s e   p o l y s t y r e n e )   from  about   50 ,000   to  abou t   3 0 0 , 0 0 0 ,  

p r e f e r a b l y   150 ,000   to  abou t   2 5 0 , 0 0 0 .   T e r p o l y m e r s   s u i t a b l e  

for   use  in  t h i s   i n v e n t i o n   can  be  p r e p a r e d   by  f r ee   r a d i c a l  

p o l y m e r i z a t i o n   in  s o l u t i o n   or  in  bulk   and  w i l l   c o m p r i s e  

from  about   70  to  a b o u t   90  we igh t   p e r c e n t   monov iny l   a r o m a t i c  



r j   0 2 4 7 2 5 7  

—  o  —  . 

monomer,  from  a b o u t   2  to  24  w e i g h t   p e r c e n t   of  m a l e i m i d e   and  
from  2  to  a b o u t   24  w e i g h t   p e r c e n t   of  an  fit  ,  /S  e t h y l e n i c a l l y  
u n s a t u r a t e d   c y c l i c   a n h y d r i d e .  

S u i t a b l e '   m o n o v i n y l   a r o m a t i c   monomers  i n c l u d e  

s t y r e n e ,   QU  - m e t h y l s   t y r e n e ,   e t h y l s t y r e n e   ,  i s o p r o p y l s t y r e n e ,  

t - b u t y l   s t y r e n e ,   mono- ,   d i -   and  t r i b r o m o s t y r e n e s   ,  m o n o - ,  
d i -   and  t r i c h l o r o s   t y r e n e s   and  t h e i r   m i x t u r e s .   S t y r e n e   i s  

the  p r e f e r r e d   m o n o v i n y l   a r o m a t i c   m o n o m e r .  

S u i t a b l e   m a l e i m i d e   monomers  i n c l u d e   m a l e i m i d e ,  

t t - p h e n y l m a l e i m i d e ,   N - e t h y l m a l e i m i d e ,   N - ( 2 - c h l o r o p h e n y l ) m a l e -  

imide ,   N - < 3 - c h l o r o p h e n y l ) m a l e i m i d e )   ,  N-(  4 - c h l o r o p h e n y l ) m a l e -  

Lmide,  N - ( 4 - b r o m o p h e n y l ) m a l e i m i d e ,   N - ( 2 , 4   , 6 - t r i b r o m o p h e n y l ) -  

n a l e i m i d e ,   N - m e t h y l m a l e i m i d e   ,  N - ( 4 - t - b u t y l p h e n y l ) m a l e i m i d e  

and  the  l i k e   and  t h e i r   m i x t u r e s .   N - p h e n y l m a l e i m i d e   is  t h e  

p r e f e r r e d   m a l e i m i d e .  

S u i t a b l e   q £ s   ,  ^   e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c  

i n h y d r i d e s   i n c l u d e   male  ic  a n h y d r i d e ,   c i t r a c o n i c   and  i t a c o n i c  

i n h y d r i d e .   The  p r e f e r r e d   a n h y d r i d e   is  m a l e i c   a n h y d r i d e .  

The  e t h y l e n e / p r o p y l e n e / n o n - c o n j   uga t ed   d iene   t e r -  

x j lymer   (EPDM)  r u b b e r   g r a f t e d   w i th   a  p o l y m e r   m a t r i x   w h i c h  

.s  t h e r m o d y n a m i c a l l y   m i s c i b l e   with  the  random  S/N-PMI/MA  ' 

: e r p o l y m e r   a n d / o r   p o l y c a r b o n a t e   w i l l   c o m p r i s e   from  20  t o  

tbout  80%  e t h y l e n e / p r o p y l e n e / n o n - c o n j   u g a t e d   d i e n e   r u b b e r  

tnd  80%  to  a b o u t   20%  of  a  t h e r m o d y n a m i c a l l y   m i s c i b l e   c o p o l y m e r  

l a t r i x .   The  EPDM  g r a f t   s t r u c t u r e s   a re   p r e f e r a b l y   40  to  60 

i e r c e n t   by  w e i g h t   EPDM  and  60  to  40  p e r c e n t   by  we igh t   o f  

.  t h e r m o d y n a m i c a l l y   m i s c i b l e   p o l y m e r   m a t r i x .   The  EPDM 

ubber   s h o u l d   c o m p r i s e   1  to  15  p e r c e n t   by  w e i g h t   of  n o n -  

o n j u g a t e d   d i e n e   h y d r o c a r b o n   and  ^85  to  99  p e r c e n t   by  w e i g h t  

f  a  m i x t u r e   of  two  mono  o l e f i n s ,   e t h y l e n e   and  p r o p y l e n e .  
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.  The  p r e f e r r e d   r a t i o   of  the  mono  o l e f i n s   ,  e t h y l e n e   and 

p r o p y l e n e   s h o u l d   be  20 /80   to  8 0 / 2 0 ,   p r e f e r a b l y   b e t w e e n  

35/65  to  6 5 / 3 5 .   S u i t a b l e   n o n - c o n j u g a t e d   d i e n e s   are  1 , 4 -  

p e n t a d i e n e ,   1  ,  4 - n e x a d i e n e   ,  1  , 5 - h e x a d i e n e   ,  p i c y c l o [ 2 , 2 , l ]  

h e p t a - 2   , 5 - d i e n e ,   d i c y c l o p e n t a d i e n e   ,  t r i c y c l o p e n t a d i e n e  

and  t e t r a   c y c l o p e n t a d i e n e   .  D i c y c l o p e n t a d i e n e   is  the  m o s t  

p r e f e r r e d   n o n - c o n j u g a t e d   d i e n e   m o n o m e r .  

The  g r a f t   po lymer   c h e m i c a l l y '   a t t a c h e d   to  t h e  

EPDM  is  a  p o l y m e r   which  e x h i b i t s   t h e r m o d y n a m i c   m i s c i b i l i t y  

10  with  the  random  S/N-PMI/MA  t e r p o l y m e r   a n d / o r   p o l y c a r b o n a t e . .  

S u i t a b l e   po lymer s   are  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r s /  

p o l y ( m e t h y l m e t h a c r y l a t e )   and  m e t h y l m e t h a c r y l a t e / N - p h e n y l -  

m a l e i m i d e   c o p o l y m e r s .  

P r e f e r a b l y ,   i f   a  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r  

is  employed  i t   w i l l   c o n t a i n   from  abou t   22  to  about   35  p e r c e n t  

by  we igh t   of  a c r y l o n i t r i l e   . 

P r e f e r a b l y ,   if   a  m e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e  

c o p o l y m e r   is  employed  i t   w i l l   c o n t a i n   from  about   10  to  a b o u t  

25.  p e r c e n t   by  w e i g h t   N - p h e n y l m a l e   iraide  . 

20  The  po lymer   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   may  " 

be  p r e p a r e d   u s i n g   any  s u i t a b l e   method  of  b l e n d i n g .   P r e -  

f e r a b l y ,   they   are  p r e p a r e d   by  me l t   m ix ing   at   a  t e m p e r a t u r e  

above  the  s o f t e n i n g   p o i n t s   of  the  p o l y m e r s   u s ing   any 

c o n v e n t i o n a l   h igh  s h e a r   m e l t   mix ing   a p p a r a t u s ,   i n c l u d i n g  

twin  screw  e x t r u d e r s ,   s i n g l e   screw  e x t r u d e r s   and  the  l i k e .  

The  e x t r u d a t e   can  be  chopped   i n t o   p e l l e t s   and  mo lded  

us ing   any  c o n v e n t i o n a l   method  of  m o l d i n g   i n c l u d i n g   i n -  

j e c t i o n   m o l d i n g ,   r o t o - m o l d i n g   and  the  l i k e .  

The  m o l d a b l e   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   c a n  

30  a l so   i n c l u d e   o t h e r   i n g r e d i e n t s   such  as  e x t e n d e r s ,  
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p r o c e s s i n g   a i d s ,   p i g m e n t s ,   mold  r e l e a s e   a g e n t s ,   and  t h e .  
l i k e , ;   for   t h e i r   c o n v e n t i o n a l l y   .  employed  p u r p o s e .   A l s o ,  

-  - - - - -   j.fccu  ,  ouui   as  t i c a n i u m   a i o x i d e ,  
p o t a s s i u m   t i t a n a t e ,   and  t i t a n a t e   w h i s k e r s ,   g l a s s   f l a k e s  
and  chopped  g l a s s   f i b e r s .  

The  f o l l o w i n g   example s   d e m o n s t r a t e   the  i n v e n t i o n .  

EXAMPLE  1 

This   example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a  
0  s t y r e n e / N - p h e n y l m a l e i m i d e / m a l e i c   a n h y d r i d e   t e r p o l y m e r  

£rii/t.1A/  w o / j ^ / a   p e r c e n t   by  weight )   u s i n g  
c o n t i n u o u s   s i n g l e   s t i r r e d   t ank   r e a c t o r   p r o c e s s .  

The  r e s u l t i n g   t e r p o l y m e r   is  s u i t a b l e   for   use  t o  
r o d u c e   p o l y m e r   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n .  

A  c o n t i n u o u s   s t i r r e d   tank  r e a c t o r   p o l y m e r i z a t i o n  
as  c o n d u c t e d   u s i n g   the  f o l l o w i n g   p a r a m e t e r s :  

S t y r e n e   Feed:   .  -  17 .72   l b s / h r  N-PMI/MA(  7 2 / 2 8 )   Feed:   2.75  l b s / h r  I n i t i a t o r   '  D i ( 4 - t - b u t y l c y c l o h e x y l )  

_  "  ~~  —  ~  "  "T  7  .  w~  iOI1 'u '   woury  t ,nemica l   C o r p .  2  0.09  wt  %  i n i t i a t o r   s o l u t i o n   in  s t y r e n e  
The  p o l y m e r   was  r e c o v e r e d '   as  p e l l e t s   by  d e v o l a t   i l -  

l a t i o n   e x t r u s i o n .   T e s t   s p e c i m e n s   were  p r e p a r e d   by  i n j e c -  
on  mold ing   wi th   a  p y r o m e l t   t e m p e r a t u r e   of  305  °C. 

e  p r o p e r t y   v a l u e s   o b t a i n e d   are  shown  in  Table   I  w h i c h  
Hows   Example  XI  . 

j  '"■iwuwi.a  u u i i i c i e n c   to  impor t   r e -  

«-<->..  i.  j.uw  incite*-: 
smpera  t u r e   : 
i s i d e n c e   T i m e :  
>lids  L e v e l :  

j c iuxy   u i c a r D o n a t e  
IS  m l / h r  
)°C 
,85  h r  
5.2% 
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EXAMPLE  2 

This  example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a 

p o l y c a r b o n a t e :   S/N-PMI/MA  b l e n d .  

P o l y c a r b o n a t e   (Mer lon   M-50,  Mobay  Corp . )   {550 

grams]   was  mel t   compounded  wi th   S/N-PMI/MA  t e r p o l y m e r  

(Example   1,  450  grams)   at   270°C  in  a  s i n g l e   screw  e x t r u d e r .  

Tes t   s p e c i m e n s   were  p r e p a r e d   from  the  p e l l e t s   by  i n j e c t i o n  

mo ld ing   wi th   a  p y r o m e l t   t e m p e r a t u r e   of  295°C.  The  p r o p e r t y  

v a l u e s   o b t a i n e d   are  shown  in  Tab le   I .  

EXAMPLE  3 

This  example   d e m o n s t r a t e s   the  t h e r m o d y n a m i c  

m i s c i b i l i t y   p a r a m e t e r s   of  (1)  p o l y c a r b o n a t e   (Mobay'  s  M e r l o n  

M-50) ,   2,  2 - b i s - ( 4 - h y d r o x y p h e n y l )   - p r o p a n e )   with  s t y r e n e / -  

a c r y l o n i t r i l e   c o p o l y m e r   (SAN)  ,  m e t h y l m e t h a c r y l a t e / N - p h e n y l -  

m a l e i m i d e   c o p o l y m e r   (MMA/N-PMI)  and  p o l y m e t h y l m e t h a c r y l a t e  

(  PMMA  )  ;  and,   (2)  the  '  S/N-PMI/MA  t e r p o l y m e r   p roduced   u s i n g  

the  p r o c e d u r e   of  Example  1  with  SAN,  MMA/N-PMI  and  PMMA. 

A  50:50  m i x t u r e   of  each  p o l y m e r   p a i r   (10  g r a m s  

t o t a l )   was  s e p a r a t e l y   d i s s o l v e d   in  t e t r a h y d r o f   uran  (200 

grams)  f o l l o w e d   by  p r e c i p i t a t i o n   i n t o   m e t h a n o l .   Each 

po lymer   powder  was  s e p a r a t e l y   d r i e d   and  a n a l y z e d   by  d i f f e r -  

e n t i a l   s c a n n i n g   c a l o r i m e t r y .   The  d a t a   below  i l l u s t r a t e  

t h a t   a  s i n g l e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   i n t e r m e d i a t e   t o  

the  g l a s s   t r a n s i t i o n   t e m p e r a t u r e s   of  the  b lend  c o m p o n e n t s  

was  o b s e r v e d   for  four   of  the  s i x   p a i r s ,   i n d i c a t i n g   t h e r m o -  

dynamic  m i s c i b i l i t y .  
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(Tg=154°C)  
5/N-PMI/MA 
( T g = l 6 6 ° C )  

14  / 1 5 0 . 5  

n.w«.  unc  auuve  u a t a ,   i t   is  e v i d e n t   t h a t   SAN, 

..  d ie   t i i e r m o a y n a m i c a i i y   m i s c i b l e   wi th   t h e  
5/N-PMI/MA  t e r p o l y m e r   (Example  1 ) ,   t h a t   PMMA  and  SAN  a r e  
I m m i s c i b l e   wi th   p o l y c a r b o n a t e ,   and  t h a t   MMA/N-PMI  is  t h e r m o -  
i y n a m i c a l l y   m i s c i b l e   wi th   p o l y c a r b o n a t e .  

EXAMPLE  4 

This   Example  s e r v e s   to  d e m o n s t r a t e   the  p r e p a r a t i o n  
)f  an  EPDM  t e r p o l y m e r   g r a f t e d   wi th   poly   ( m e t h y l m e t h a c r y l a t e )   . 

A  4 - l i t e r   r e s i n   k e t t l e   was  cha rged   wi th   400  g r a m s  
)f  an  e t h y l e n e / p r o p y l e n e / d i c y c l o p e n t a d i e n e   t e r p o l y m e r   and  

' 

:700  grams  of  c h l o r o b e n z e n e   by  h e a t i n g   to  70°C.  The  r e s i n  
: e t t l e   was  c h a r g e d   w i th   120  grams  of  a  40%  anhyd rous   t - b u t y l  
y d r o p e r o x i d e / t o l u e n e   s o l u t i o n ,   20  grams,  of  a  6%  c o b a l t  
o l u t i o n   as  c o b a l t o u s   n a p t h e n a t e   in  m i n e r a l   s p i r i t s   a n d  
.7  grams  of  c o b a l t o u s   a c e t h y l a c e t o n a t e   d i s s o l v e d   i n  

2  m i l l i l i t e r s   of  t e t r a h y d r o f   uran .   The  r e a c t i o n   m i x t u r e  

as  m a i n t a i n e d   a t - 7 0 - 7 2 ° C   fo r   e i g h t   h o u r s .   The  EPDM 

ubber   s o l u t i o n   was  p r e c i p i t a t e d   i n t o   a  t h r e e f o l d   e x c e s s  
f  m e t h a n o l   u s ing   a  h i g h - s p e e d   Waring  b l e n d e r   for   a g i t a t i o n ,  
he  EPDM  t e r p o l y m e r   was  d r i e d   in  vacuo  at  25  °C,'  d i s s o l v e d  

n  t o l u e n e   and  p r e c i p i t a t e d   i n to   m e t h a n o l   a  second  t i m e .  

he  p e r o x i d i z e d   t e r p o l y m e r   r u b b e r   was  d r i e d   in  vacuo  a t  
5°C  for   48  h o u r s .   The  l e v e l   of  a c t i v e   oxygen  was  1172 

Dm  . 

^ ^ A i U i a L e i y   grams  or  p e r o x i d i z e d   EPDM  w e r e  
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d i s s o l v e d   in.  350  grams  of  c h l o r o b e n z e n e   in  a  3 - p i n t   p r e s s u r e  

r e a c t o r .   Once  a l l   the  r u b b e r   was  d i s s o l v e d ,   200  grams,  .o f  

m e t h y l m e t h a c r y l a t e   monomer  were  added  to  the  r e a c t o r   a n d . . ' '  

the  t e m p e r a t u r e   r a i s e d   to  132  °C  for  s ix   h o u r s .   The  p o l y m e r  

mass  was  p r e c i p i t a t e d   in'  a  t h r e e f o l d   excess   of  m e t h a n o l  

u s ing   a  Waring  b l e n d e r .   The  po lymer   crumb  o b t a i n e d   was 

d r i e d   under-  vacuum  at   1 0 0 ° C .   The  t o t a l   of  EPDM-g-PMMA  . 

r e c o v e r e d   was  384  grams  (96%  c o n v e r s i o n ) .   S o x h l e t   e x t r a c -  

t i o n   of  13'  grams  of  the  EPDM-g-PMMA  with  m e t h y l e t h y l   k e t o n e  

10  for   118  hours   r e v e a l e d   2.7  grams  of  n o n - g r a f t e d   PMMA  ( 4 6 . 9 % )  

wi th   peak  m o l e c u l a r   w e i g h t   of  2 0 9 , 0 0 0 .   The  l e v e l   o f  

PMMA  g r a f t e d   to  the  EPDM  t e r p o l y m e r   was  53.1%.  The  g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   of  both'  the  g r a f t e d   and  n o n - g r a f t e d  

PMMA  was  101.  5  °C.  

EXAMPLE  5 

This   example   s e r v e s   to  d e m o n s t r a t e   the  p r e p a r a t i o n  

of  an  EPDM  t e r p o l y m e r   g r a f t e d   with  s t y r e n e / a c r y l o n i t r i l e  

c o p o l y m e r .  

A p p r o x i m a t e l y   200  grams  of  p e r o x i d i z e d   EPDM  (as  ■ 

20  p r e p a r e d   in  Example  4)  were  d i s s o l v e d   in  400  grams  of  c h l o r o -  

benzene   in  a  3 - p i n t   r e a c t o r .   Once  a l l   the  t e r p o l y m e r   was  

d i s s o l v e d ,   200  grams  of  a  s t y r e n e   monomer  : a c r y l o n i t r i l e  

monomer  m i x t u r e   ( 76 :24   wt%)  was  c h a r g e d .   The  r e a c t o r  

t e m p e r a t u r e   was  r a i s e d   to  135°C  for   6.4  h o u r s .   The  p o l y m e r  

mass  was  p r e c i p i t a t e d   in  a  t h r e e f o l d   excess   of  m e t h a n o l .  

The  polymer  crumb  o b t a i n e d   was  d r i e d   under  vacuum  at  1 0 0 ° C .  

The  t o t a l   of  EPDM-g—  SAN  r e c o v e r e d   was  365  grams  (91%  c o n -  

v e r s i o n ) .   S o x h l e t   e x t r a c t i o n   of  15  grams  of  EPDM-g-SAN 

wi th   methyl   e t h y l   k e t o n e   for   112  hours   r e v e a l e d   3.71  g r a m s  m 
30  of  n o n - g r a f t e d   SAN  (55%)  with  peak  m o l e c u l a r   we igh t   o f  
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.  —  -  jr  - w . x u i   t u n c e n c   or  ^ j . o $   oy  w e i g h t .   The 
l e v e l   of  SAN  g r a f t e d   to  the  EPDM  t e r p o l y m e r   was  4  5%.  The  
g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  both   the  g r a f t e d   and  n o n -  
g r a f t e d   SAN  was  107.  5 ° C .  

EXAMPLE  6 

This   example   s e r v e s   to.  d e m o n s t r a t e   the  p r e p a r a t i o n  
an  EPDM  t e r p o l y m e r   g r a f t e d   wi th   methyl   m e t h a c r y l a t e / N -  

p h e n y l m a l e i m i d e   c o p o l y m e r .  

A p p r o x i m a t e l y   200  grams  of  p e r o x i d i z e d   EPDM  ( a s  
p r epa red   in  Example  4)  were  d i s s o l v e d   in  378  grams  o f  
: h l o r o b e n z e n e   in  a  3 - p i n t   r e a c t o r .   Once  a l l   the  r u b b e r  
lad  d i s s o l v e d ,   47  grams  of  N - p h e n y l m a l e i m i d e   and  153  g rams  
>f  m e t h y l   m e t h a c r y   l a t e   were  added  and  the  t e m p e r a t u r e   r a i s e d  
:o  140  °C  for   6.5  h o u r s .   The  po lymer   mass  was  p r e c i p i t a t e d  
.nto  a  f o u r - f o l d   e x c e s s   of  m e t h a n o l   u s ing   a  Waring  b l e n d e r .  
:he  po lymer   crumb  o b t a i n e d   was  d r i e d   under   vacuum  at   110  °C.  
•he  t o t a l   EPDM-g  -MMA/N-PMI  r e c o v e r e d   was  397  grams  (99.2% 

o n v e r s i o n ) .   S o x h l e t   e x t r a c t i o n   of  25  grams  of  the  EPDM-g  -  
MA/N-PMI  wi th   m e t h y l   e t hy l -   k e t o n e   fo r   12  2  hours  r e v e a l e d  
.8  grams  (47%)  of  n o n - g r a f t e d   MMA/N-PMI  with  a  peak  m o l e c u l a r  

e i g h t   of  1 8 8 , 0 0 0 .   The  l e v e l   of  MMA/N-PMI  g r a f t e d   to  t h e  
PDM  t e r p o l y m e r   was  53%.  The  g l a s s   t r a n s i t i o n   t e m p e r a t u r e  
f  both   the  g r a f t e d   and  n o n - g r a f t e d   MMA/N-PMI  was  14  2.5%C. 
he  MMA/N-PMI  c o p o l y m e r   g r a f t e d   to  the  EPDM  t e r p o l y m e r   c o n -  
a ined  23.5%  by  w e i g h t   of  N - p h e n y l m a l e i m i d e .  

EXAMPLE  7 

This   example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a 
Dlymer  c o m p o s i t i o n   of  t h i s   i n v e n t i o n   c o m p r i s i n g   a  t h e r m o -  
l a s t i c   p o l y c a r b o n a t e ,   a  S/N-PMI/MA  t e r p o l y m e r   and  an  

?DM-g-PMMA. 
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a p p r o x i m a t e l y   550  grams  of  Merlon  M-50  p o l y c a r b o n a t e  

450  grams  of  S/N-PMI/MA  t e r p o l y m e r   (Example  1)  and  100  g r a m s  

of  EPDM-g-PMMA  (Example   4)  were  p h y s i c a l l y   mixed  and  e x t r u d e d  

i n t o   p e l l e t s   on  a  s i n g l e   sc rew  e x t r u d e r   at  a  t e m p e r a t u r e   o f  

270°C.  Tes t   s p e c i m e n s   were  p r e p a r e d   by  i n j e c t i o n   m o l d i n g  

with  a  p y r o m e l t   t e m p e r a t u r e   of  285°C.  The  p r o p e r t y   v a l u e s  

o b t a i n e d   are  shown  in  Tab le   I  b e l o w .  

EXAMPLE  8 

This  example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a 

po lymer   c o m p o s i t i o n   of  t h i s   i n v e n t i o n ,   c o m p r i s i n g   a  t h e r m o -  

p l a s t i c   p o l y c a r b o n a t e ,   a  S/N-PMI/MA  t e r p o l y m e r   and  an 

EPDM-g-SAN. 

A p p r o x i m a t e l y   55U  grams  of  Merlon  M-50  p o l y c a r b o n a t e ,  

450  grams  of  S/N-PMI/MA  t e r p o l y m e r   (Example  1)  and  100  g r a m s  

of  EPDM-g-SAN  (Example  5)  were  p h y s i c a l l y   mixed  and  e x t r u d e d  

i n t o   p e l l e t s   on  a  s i n g l e   screw  e x t r u d e r   at  a  t e m p e r a t u r e   o f  

270°C.  Tes t   s p e c i m e n s   were  p r e p a r e d   by  i n j e c t i o n   m o l d i n g  

with  a  p y r o m e l t   t e m p e r a t u r e   of  280°C.  The  Table  below  s e t s  

f o r t h   the  v a l u e s   o b t a i n e d .  

EXAMPLE  9  ■ 

This   example   d e m o n s t r a t e s   the  p r e p a r a t i o n   o f  

a  polymer   c o m p o s i t i o n   of  t h i s   i n v e n t i o n ,   c o m p r i s i n g   a 

t h e r m o p l a s t i c   p o l y c a r b o n a t e ,   a  S/N-PMI/MA  t e r p o l y m e r   and 

an  EPDM-g  -MMA/N-PMI. 

A p p r o x i m a t e l y   550  grams  Merlon  M-50  p o l y c a r b o n a t e ,  

150  grams  of  S/N-PMI/MA  t e r p o l y m e r   (Example  1)  and  100  g r a m s  

)f  EPDM-g-MMA/N-PMI  (Example   6)  were  p h y s i c a l l y   mixed  and 

ex t ruded   i n t o   p e l l e t s   on  a  s i n g l e   screw  e x t r u d e r   at  a 

: e m p e r a t u r e   of  27  5°C.  Tes t   s p e c i m e n s   were  p r e p a r e d   by 

. n j e c t i o n   molding  with  a  p y r o m e l t   t e m p e r a t u r e   of  285°C.  
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The  p r o p e r t y   v a l u e s   o b t a i n e d   are   shown  in  Table  3, '   b e l o w .  

EXAMPLE  10  " 

This  example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a 

po lymer   c o m p o s i t i o n   a c c o r d i n g   to  the  t e a c h i n g s   o f  

U.S.  4 , 4 9 3 , 9 2 0   and  is  i n c l u d e d   h e r e i n   for   c o m p a r a t i v e  

p u r p o s e s .  
a" 

A  1 - g a l l o n   r e a c t o r   was  c h a r g e d   wij:h  92.8  g rams  

of  S tereon®  720  r u b b e r   (90%  b u t a d i e n e   10%  s t y r e n e )  

c o m m e r c i a l l y   a v a i l a b l e   from  F i r e s t o n e   S y n t h e t i c   Rubber  a n d  

Latex  Company  and  1 ,000  grams  of  s t y r e n e   monomer.  Once  t h e  

r u b b e r   had  d i s s o l v e d ,   d r o p w i s e   a d d i t i o n   of  a  s o l u t i o n   c o m p r i s -  

ing  827  grams  of  s t y r e n e   monomer,  18  9  grams  of  N - p h e n y l m a l e -  

i m i d e ,   92.4  grams  of  m a l e i c   a n h y d r i d e   and  1.6  grams  of  b e n z o y l  

p e r o x i d e   was  s t a r t e d   whi le   r a i s i n g   the  t e m p e r a t u r e   of  t h e  

r e a c t o r   to  92°C.  Once  a l l   the  monomer  s o l u t i o n   had  b e e n  

added ,   the  p o l y m e r i z a t i o n   r e a c t i o n   was  t e r m i n a t e d   a t   43.5% 

c o n v e r s i o n   by  the  a d d i t i o n   of  0.4  grams  of  h y d r o q u i n o n e   . 

The  po lymer   (957  grams)  was  r e c o v e r e d   by  p r e c i p i t a t i o n   i n t o  

m e t h a n o l .   The  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  the  p o l y m e r  

as  a n a l y z e d   by  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y   was  168.  5 ° C .  

The  t e r p o l y m e r   was  a n a l y z e d   and  found  to  c o n t a i n   21.8%  by 

we igh t   N-PMI  and  10.5%  by  we igh t   m a l e i c   a n h y d r i d e .   The 

number  ave rage   m o l e c u l a r   w e i g h t   (Mn)  as  d e t e r m i n e d   by 

gel   p e r m e a t i o n   c h r o m o t o g r a p h y   (vs  m o n o d i s p e r e   p o l y s t y r e n e )  

was  1 3 7 , 6 0 0 .  

A p p r o x i m a t e l y   550  grams  of  Merlon  M-50  p o l y c a r b o n a t e ,  

450  grams  of  the  above  r u b b e r   m o d i f i e d   S/N-PMI/MA  t e r p o l y m e r  

and  5  grams  of  Ethanox®  330  a n t i o x i d a n t   ( E t h y l   C o r p o r a t i o n )  

were  p h y s i c a l l y   mixed  and  e x t r u d e d   i n t o   p e l l e t s   on  a  s i n g l e  

screw  e x t r u d e r   a t   a  t e m p e r a t u r e   of  270°C.  Tes t   s p e c i m e n s  
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were  p r e p a r e d   by  i n j e c t i o n   mold ing   wi th   a  pyromel t   t e m p e r a t u r e  

of  285°C.  Table  I  below  s e t s   f o r t h   the  p r o p e r t y .   v a l u e s  

o b t a i n e d .  

EXAMPLE  11 

This  example   d e m o n s t r a t e s   the  p r e p a r a t i o n   of  a  

p o l y m e r   c o m p o s i t i o n   a c c o r d i n g   to  the  t e a c h i n g s   of  U . S .  

4 , 4 9 3 , 9 2 0   and  is  i n c l u d e d   h e r e i n   for   c o m p a r a t i v e   p u r p o s e s .  

A  1 - g a l l o n   r e a c t o r   was  c h a r g e d   with  185.6  g r a m s  

of  S t e reon®  720  r u b b e r   c o m m e r c i a l l y   a v a i l a b l e   from  F i r e -  

10  s t o n e   S y n t h e t i c   Rubber   and  Latex  Company  and  1,000  g r a m s  

of  s t y r e n e   monomer..   Once  a l l   the  r u b b e r   had  d i s s o l v e d ,  

d r o p w i s e   a d d i t i o n   of  a  s o l u t i o n   c o m p r i s i n g   727  grams  o f  

s t y r e n e   monomer,  169  grams  of  N - p h e n y l m a l e i m i d e ,   8 2 . 4  

grams  of  m a l e i c   a n h y d r i d e   and  1.7  grams  of  benzoyl   p e r o x i d e  

was  s t a r t e d   while   r a i s i n g   the  t e m p e r a t u r e   of  the  r e a c t o r  

to  90°C.  Once  a l l   the  monomer  s o l u t i o n   had  been  a d d e d ,  

the  p o l y m e r i z a t i o n   r e a c t i o n   was  t e r m i n a t e d   at  43.8%  c o n -  

v e r s i o n   by  the  a d d i t i o n   of  0.4  grams  of  h y d r o q u i n o n e .  

The  po lymer   (960  grams)  was  r e c o v e r e d   by  a  p r e -  

20  c i p i t a t i o n   i n to   m e t h a n o l .   The  g l a s s   t r a n s i t i o n   t e m p e r a t u r e  

of  the  p o l y m e r ,   as  a n a l y z e d   by  d i f f e r e n t i a l   s cann ing   c a l o r i -  

m e t r y ,   was  170.  5°C.  The  po lymer   a n a l y z e d   for   21.8%  by 

we igh t   N - p h e n y l m a l e i m i d e   and  11%  by  w e i g h t   ma le ic   a n h y d r i d e .  

The  number  a v e r a g e   m o l e c u l a r   w e i g h t   as  d e t e r m i n e d   by  g e l  

p e r m e a t i o n   c h r o m a t o g r a p h y   (vs.   m o n o d i s p e r s e   p o l y s t y r e n e )  

was  1 4 1 , 0 0 0 .  

A p p r o x i m a t e l y   550  grams  of  Merlon  M-50  p o l y c a r b o n a t e ,  

450  grams  of  the  above  r u b b e r - m o d i f i e d   S/N-PMI/MA  t e r p o l y m e r  

and  5.5  grams  of  Ethanox®  330  a n t i o x i d a n t   were  p h y s i c a l l y  

30  mixed  and  e x t r u d e d   i n t o   p e l l e t s   on  a  s i n g l e   screw  e x t r u d e r  

i 
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a t   a  t e m p e r a t u r e   of  270°C.  Tes t   s p e c i m e n s   were  p r e p a r e d  

by  i n j e c t i o n   molding  with  a  p y r o m e l t   t e m p e r a t u r e   of  2S5°C.  

Tab le   I  below  s e t s   f o r t h   the  p r o p e r t y   v a l u e s   o b t a i n e d .  
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Examples   1  and  2  are  c o n t r o l   e x a m p l e s   s h o w i n g  

:he  p r o p e r t i e s   of  the  S/N-PMI/MA  t e r p o l y m e r   (Example  1} 

ind  the  p o l y c a r b o n a t e :   S/N-PMI/MA  t e r p o l y m e r   b lend   ( E x a m p l e  

I ) .  

Examples   7,  8  and  9  are   po lymer   c o m p o s i t i o n s   o f  

: h i s   i n v e n t i o n .   Example  7  is  a  polymer   c o m p o s i t i o n   o f  

p o l y c a r b o n a t e ,   a  S/N-PMI/MA  t e r p o l y m e r   and  an  EPDM-g-PMMA. 

Example  8  is  a  po lymer   c o m p s i t i o n   of  p o l y c a r b o n a t e ,   a  

3/N-PMI/MA  t e r p o l y m e r   and  an  EPDM-g-SAN.  Example  9  i s  

a  po lymer   c o m p o s i t i o n   of  p o l y c a r b o n a t e ,   a  S/N-PMI/MA 

t e r p o l y m e r   and  an  EPDM-g-MMA/N—  PMI  . 

Examples   10  and  11  are  . c o m p a r a t i v e   e x a m p l e s  

d e m o n s t r a t i n g   the  p r i o r   a r t   t e a c h i n g s   of  U.S.  4 , 4 9 3 , 9 2 0 .  

The  above  da ta   c l e a r l y   show  the  marked  i m p r o v e -  

ment  in  impact   p r o p e r t i e s   o b t a i n e d   by  the  i n v e n t i o n .  

It   w i l l   be  e v i d e n t   from  the  f o r e g o i n g   t h a t  

v a r i o u s   m o d i f i c a t i o n s   can  be  made  to  t h i s   i n v e n t i o n .   S u c h ,  

h o w e v e r ,   are  c o n s i d e r e d   as  being  w i t h i n   the  scope  of  t h e  

i n v e n t i o n .  
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CLAIMS  :  , 

1.  A  p o l y m e r   c o m p o s i t i o n   c o m p r i s i n g :   (A)  from  a b o u t  

1  to  abou t   9  9  we igh t   p e r c e n t   of  a  t h e r m o p l a s t i c   p o l y c a r b o n a t e  

r e s i n   based  on  b i s - ( h y d r o x y a r y l ) a l k a n e s ,   (B)  from  abou t   99 

to  about   1  we igh t   p e r c e n t   of  a  random  t e r p o l y m e r   c o n t a i n i n g  

from  abou t   70  to  abou t   90  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s  

of  a  monov iny l   a r o m a t i c   monomer,  from  a b o u t   2  to  about   24 

w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e   monomer  and  

from  abou t   2  to  abou t   24  we igh t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

an  <=<  ,  (2  e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e  

monomer;  and,   (C)  from  about   1  to  abou t   20  p a r t s   per  100 

p a r t s   by  we igh t   of  (A)  +  (B)  of  from  a b o u t   20  to  about   80 

weight   p e r c e n t   of  an  e t h y l e n e / p r o p y l e n e / n o n c o n j   u g a t e d  

d i e n e   t e r p o l y m e r   g r a f t e d   wi th   from  a b o u t   20  to  about   80 

weight   p e r c e n t   of  a  po lymer   which  is  t h e r m o d y n a m i c a l l y  

m i s c i b l e   w i th   at  l e a s t   one  of  (A)  and  (B)  s e l e c t e d   f r o m  

the  group  c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e   c o p o l y m e r ,  

m e t h y l m e t h a c r y l a t e / N - p h e n y l r a a l e i m i d e   c o p o l y m e r   and  p o l y -  

m e t h y l m e t h a c r y l a t e .  

2.  The  po lymer   c o m p o s i t i o n   of  c l a i m   1  in  which  s a i d  

p o l y c a r b o n a t e   has  the  g e n e r a l   f o r m u l a :  

R  .  R 

R  R 

where in   each  R  s e p a r a t e l y   r e p r e s e n t s   h y d r o g e n ,   a  Q.\  to  C4 

a l k y l   g r o u p ,   c h l o r i n e   or  b romine   and  w h e r e i n   X  r e p r e s e n t s  

a  d i r e c t   bond  to  Cq  a l k y l e n e . .  
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J .  The  po lymer   c o m p o s i t i o n   of  c la im  2  in  w h i c h  

s a i d   p o l y c a r b o n a t e   is"  s e l e c t e d   from  the  group  c o n s i s t i n g  

of  2 , 2 - b i s - ( 4 - h y d r o x y p h e n y l ) - p r o p a n e ;   2 , 2 - b i s ( 3 - c h l o r o -  

4 - h y d r o x y p h e n y l )   - p r o p a n e ;   and  2 , 4 - b i s - ( 3 , 5 - d i m e t h y l - 4 - h y d r o x y -  

p h e n y l )   -2  - m e t h y l   b u t a n e .  

4.-  The  po lymer   c o m p o s i t i o n   of  c l a im  1,  claim  2  or  claim 

3  in  which  said  monovinyl  aromatic  monomer  is  selected  from 

i s o p r o p y l s t y r e n e ,   t - b u t y l   s t y r e n e ,   mono-,   d i -   and  t r i b r o m o -  

5.  The  po lymer   c o m p o s i t i o n   of  any  one  of  claims  1  to  4  

in  which  said  maleimide  monomer  is  se lected  from  .  ;  , 

m a l e i m i d e ,   N - p h e n y l m a l e i m i d e ,   N - e t h y l m a l e i m i d e   ,  N - ( 2 - c h l o r o -  

pheny l   )  m a l e i m i d e ,   N - ( 3 - c h l o r o p h e n y l ) m a l e i m i d e )   ,  N - ( 4 - c h l o r o -  

p h e n y D m a l e i m i d e ,   N-(  4 - b r o m o p h e n y l ) m a l e i m i d e ,   N-(  2 , 4 , 6 - t r i -  

b r o m o p h e n y D m a l e i m i d e ,   N - m e t h y l m a l e i m i d e   ,  and  N-(  4 - t - b u t y l -  

pheny l   )male  imide  . 

6  .  The  polymer  composition  of  any  one  of  claims  1  to  5  in  which  s a i d  

s e l e c t e d   from  maleic,  c i t raconic   and  i taconic   anhydrides.  

7.  The  po lymer   c o m p o s i t i o n   of  any  one  of  claims  1  to  6 

In  which  said  nonconjugated  diene  is  selected  from 

-  1 , 4 - p e n t a d i e n e ,   1  , 4 - h e x a d i e n e   ,  1 , 5 - h e x a d i e n e   , 

b i c y c l o [ 2 ,   2,1]  h e p t a - 2 , 5 - d i e n e ,   d i c y c l o p e n t a d i e n e ,   t r i c y c l o -  

p e n t a d i e n e   and  t e t r a   c y c l o p e n t a d i e n e .  

s t y r e n e ,   - m e t h y l s   t y r e n e ,   e t h y l s t y r e n e   , 

s c y - e n e s ,   and  mono-,  di—  and  t r i ch lo ros ty r enes   . 

s t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e   i s .  
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8.  The  polymer  composition  of  any  one  of  claims  1  to  7  in  which 

said  polymer  which  is  thermodynamically  miscible  is  selected  from  s t y r e n e /  

a c r y l o n i t r i l e   copolymers  containing  from  about  22  to  about  35  percent  by 

weight  a c r y l o n i t r i l e   and  methylmethacrylate/N-phenylmaleimide  copolymers 

containing  from  about  10  to  about  25  percent  by  weight  N-phenyl- 

maleimide  . 

9.  A  method  f o r   p r o d u c i n g   a  molded  c o m p o s i t i o n   w h i c h  

c o m p r i s e s   fo rming   a  po lymer   c o m p o s i t i o n   c o m p r i s i n g :   (A) 

from  abou t   1  to  abou t   99  w e i g h t   p e r c e n t   of  a  t h e r m o p l a s t i c  

p o l y c a r b o n a t e   r e s i n   based   on  b i s - ( h y d r o x y   a r y D a l k a n e s   , 

(H)  from  abou t   99  to  abou t   1  w e i g h t   p e r c e n t   of  a  r andom 

t e r p o l y m e r   c o n t a i n i n g   from  abou t   70  to  about   90  w e i g h t  

p e r c e n t   r e c u r r i n g   u n i t s   of  a  m o n o v i n y l   a r o m a t i c   monomer ,  

from  about   2  to  abou t   2  4  we igh t   p e r c e n t   r e c u r r i n g   u n i t s   o f  

a  m a l e i m i d e   monomer  and  from  a b o u t   2  to  about   24  w e i g h t  

p e r c e n t   r e c u r r i n g   u n i t s   of  an  ^ ,   e t h y l e n i c a l l y   u n s a t u r a t e d  

c y c l i c   a n h y d r i d e   monomer;   and,   (C)  from  about   1  to  a b o u t  

20  p a r t s   per  100  p a r t s   by  we igh t   of  (A)  +  (B)  of  f rom 

a b o u t   20  to  about   80  w e i g h t   p e r c e n t   .of  an  e t h y l e n e / p r o p y l e n e /  

nonconj   uga t ed   d i e n e   t e r p o l y m e r   g r a f t e d   with  from  about   20 

to  about   8  0  w e i g h t   p e r c e n t   of  a  p o l y m e r   which  is  t h e r m o -  

d y n a m i c a l l y   m i s c i b l e   with  at  l e a s t   one  of  (A)  and  (B) 

s e l e c t e d   from  the  g roup   c o n s i s t i n g   of  s t y r e n e / a c r y l o n i t r i l e  

c o p o l y m e r ,   m e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e   c o p o l y m e r  

and  p o l y m e t h y l m e t h a c r y l a t e ,   and  mold ing   the  r e s u l t i n g  

blend,  opt ional ly   in  contact  with  a  r e in forc ing   f i l l e r .  
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10.  A  molded  c o m p o s i t i o n   c o m p r i s i n g   a  c o n t i n u o u s  

p h a s e   and  a  d i s p e r s e   phase   w i t h i n   the  c o n t i n u o u s   p h a s e ,   t h e  

c o n t i n u o u s   phase   c o m p r i s i n g   from  a b o u t   1  to  about   99  w e i g h t  

p e r c e n t   of  a  t h e r m o p l a s t i c   p o l y c a r b o n a t e   r e s i n   based  o n  

b i s - ( h y d r o x y a r y l )   a l k a n e s   and  from  abou t   99  to  about   1 

w e i g h t   p e r c e n t   of  a  random  t e r p o l y m e r   c o n t a i n i n g   f r o m  

a b o u t   70  to  abou t   90  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   of  a 

monov iny l   a r o m a t i c   monomer,  from  abou t   2.  to  about   24  w e i g h t  

p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e   monomer  and  f r o m  

.about  2  to  abou t   24  w e i g h t   p e r c e n t   r e c u r r i n g   u n i t s   of  a n  

e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e ,   t h e  

d i s p e r s e   phase   be ing   an  e t h y l e n e / p r o p y l e n e / n o n - c o n j   u g a t e d  

d i e n e   t e r p o l y m e r   g r a f t e d   w i th   from  abou t   20  to  about   80 

■weight  p e r c e n t   of  a  po lymer   which  is  t h e r m o d y n a m i c a l l y  

m i s c i b l e   w i th   at  l e a s t   one  of  sa id   p o l y c a r b o n a t e   r e s i n   a n d  

s a i d   random  t e r p o l y m e r   and  which'  is  p a r t   of  the  c o n t i n o u s  

p h a s e   s e l e c t e d   form  the   g roup  c o n s i s t i n g   of  s t y r e n e / a c r y l o -  

n i t r i l e   c o p o l y m e r ,   m e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e  

c o p o l y m e r   and  p o l y m e t h y l m e t h a c r y l a t e .  

11.  A  method  "of  i m p r o v i n g   the  impact   s t r e n g t h   p r o p e r t i e s  

of  a  po lymer   c o m p o s i t i o n   upon  mo ld ing   which  c o m p r i s e s  

i n c o r p o r a t i n g   i n to   a  c o n t i n o u s   p h a s e   which  c o m p r i s e s   f r o m  

a b o u t   1  to  abou t   9  9  w e i g h t   p e r c e n t   of  a  t h e r m o p l a t s i c  

p o l y c a r b o n a t e   r e s i n   based   on  b is   ( h y d r o x y a r y l )   a l k a n e s   a n d  

from  abou t   99  to  abou t   1  w e i g h t   p e r c e n t   of  a  random  t e r p o l y m e r  

c o n t a i n i n g   from  abou t   70  to  about*  90  we igh t   p e r c e n t   r e c u r r i n g  
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u n i t s   of  a  m o n o v i n y l   a r o m a t i c   monomer,  ..from  abou t   2  t o  

abou t   24  we igh t   p e r c e n t   r e c u r r i n g   u n i t s   of  a  m a l e i m i d e  

monomer  and  from  a b o u t   2  to  about   24  w e i g h t   p e r c e n t   of  an  

°*>  ,  Q  e t h y l e n i c a l l y   u n s a t u r a t e d   c y c l i c   a n h y d r i d e ,   a 

d i s p e r s e   phase   c o m p r i s i n g   an  e t h y l e n e / p r o p y l e n e / n o n - c o n j u g a t e d  

d iene   t e r p o l y m e r   g r a f t e d   wi th   from  about   20  to  abou t   80 

w e i g h t   p e r c e n t   of  a  p o l y m e r   which  is  t h e r m o d y n a m i c a l l y  

m i s c i b l e   with  at   l e a s t   one  of  s a i d   p o l y c a r b o n a t e   r e s i n   a n d  

random  t e r p o l y m e r   and  which  is  p a r t   of  the  c o n t i n u o u s  

phase   s e l e c t e d   from  the  g roup   c o n s i s t i n g   of  s t y r e n e / a c r y l o -  

n i t r i l e   c o p o l y m e r ,   m e t h y l m e t h a c r y l a t e / N - p h e n y l m a l e i m i d e  

c o p o l y m e r   and  p o l y m e t h y l m e t h a c r y l a t e ,   the  e t h y l e n e / p r o p y l e n e /  

n o n - c o n j u g a t e d   d i e n e   t e r p o l y m e r   g r a f t e d   with  sa id   p o l y m e r  

be ing   p r e s e n t   in  an  amount  w i t h i n   the  range  of  from  a b o u t  

1  to  about   -20  p a r t s   per.   100  p a r t s   by  we igh t   of  p o l y c a r b o n a t e  

r e s i n   p lus   random  t e r p o l y m e r .  
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